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Abstract
Background: Computerized morbidity registration networks might serve as early warning systems in a time where
natural epidemics such as the H1N1 flu can easily spread from one region to another.
Methods: In this contribution we examine whether general practice based broad-spectrum computerized
morbidity registration networks have the potential to act as a valid surveillance instrument of frequently occurring
diseases. We compare general practice based computerized data assessing the frequency of influenza-like illness
(ILI) and acute respiratory infections (ARI) with data from a well established case-specific sentinel network, the
European Influenza Surveillance Scheme (EISS). The overall frequency and trends of weekly ILI and ARI data are
compared using both networks.
Results: Detection of influenza-like illness and acute respiratory illness occurs equally fast in EISS and the
computerized network. The overall frequency data for ARI are the same for both networks, the overall trends are
similar, but the increases and decreases in frequency do not occur in exactly the same weeks. For ILI, the overall
rate was slightly higher for the computerized network population, especially before the increase of ILI, the overall
trend was almost identical and the increases and decreases occur in the same weeks for both networks.
Conclusions: Computerized morbidity registration networks are a valid tool for monitoring frequent occurring
respiratory diseases and the detection of sudden outbreaks.
Background
In a time where natural epidemics such as the H1N1 flu
can spread easily from one region to another, where
concerns about industrial or other pollutants and poten-
tial bio terrorist agents are vast, well functioning surveil-
lance schemes for diseases might become indispensable
allies [1,2]. One of the most important settings in the
surveillance of diseases is general practice (GP). GPs are
probably one of the first parties to be confronted with
an unexpected rise in disease frequency[3,4]. With
regard to bioterrorist attacks they are considered as
frontline soldiers in this new form of warfare [5].
Early detection could nowadays be supported by the
use of the electronical medical records (EMR), which
can be programmed to immediately give an alert when
there is an unexpected rise in disease[6]. Indeed, the
shift from written to computerized medical records
enables an easier access to individual health data. Health
i n f o r m a t i o ni so n l yap r e s so fab u t t o na w a y .T h i s
makes computerized sentinel networks an important
source of information.
A question that remains to be answered is that of
quality and validity. Are data from GP-based computer-
ized morbidity systems good enough to monitor diseases
and thereby possibly function as an early warning
system? * Correspondence: carla.truyers@med.kuleuven.be
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any medium, provided the original work is properly cited.Influenza-like illness (ILI) and acute respiratory infec-
tions (ARI) are chosen as diseases of interest for several
reasons. Diagnoses are based on clinical signs and symp-
toms and they are very well known by GPs. General
Practice is also the only valid setting for epidemiological
information on ILI and ARI [7]. Both diseases have a
considerable morbidity rate [8] with significant impact
on daily activities and they are very well documented in
literature.
In Belgium, there are several systems which can pro-
vide primary care data. However, only one computerized
general practice based registration network is fully
established. Intego was founded in 1994 and provides,
among other data, data on incidences of all diseases in
primary care. The European Influenza Surveillance
Scheme (EISS) is a case-specific surveillance network in
which 28 member countries collect and exchange timely
information on influenza activity in Europe and provides
early warning in case of an outbreak[9]. The Belgian
branch of the network, also collects information on ARI
and was a pioneer of EISS [10,11]. In 2008 EISS was
changed to EISN (European Influenza Surveillance
Network).
This article describes the comparison of data gener-
ated by the Intego database and compares it to EISS
data as a possibility to validate continuous sentinel net-
works as possible surveillance tools.
Study population
The Intego network is the first computerized network of
voluntary sentinel general practitioners in Flanders, the
northern, Dutch speaking part of Belgium [12,13]. The
network is organised within the department of General
Practice of the Katholieke Universiteit Leuven and pro-
vides data on incidences and prevalence of all diseases
in Flanders, but also on laboratory tests and drug pre-
scriptions from 1994 onward. Data can be classified by
ICPC-2 (International Classification of Primary Care),
which also incorporates codes for patient reasons for
encounter, symptoms and ill-defined conditions[14].
However, also more detailed diagnostic categories are
available. GPs are included in the network on the basis
of different quality criteria to maximize the validity and
reliability of the data. In 2007 the Intego database
includes 86 GPs with over 2.1 million diagnoses, and
covers almost 2% (practice population of 120.000) of the
population in Flanders, the northern part of Belgium.
The population is representative for the Flemish popula-
tion with regard to age, sex and socio-economical fac-
tors [15]. The project was approved by the Ethical
review board of the Faculty of Medicine of KULeuven.
Similar networks can be found in Europe [16].
T h ec l i n i c a ls u r v e i l l a n c eo fi n f l u e n z ab yt h eE I S Si n
Belgium is based on written registration forms by
voluntary sentinel general practitioners[17]. It is orga-
nised within the Scientific Institute of Public Health.
The network was started in 1985 and includes 60 GPs
who are specifically monitoring influenza and acute
respiratory infections (about 50% in Flanders, 45% Wal-
loon, and 5% in Brussels). Since the end of 2007 the
network was increased to 200 GPs. During the influenza
season (week 40 to week 20 of the following year), a
first GP network collects data on influenza activity dur-
ing the previous week. Additionally, nose/throat swabs
are performed to identify the influenza virus by a second
sentinel network of GPs and also by laboratories essen-
tially from universities. The identification of flu strains
is performed by the National Centre of Influenza from
the Scientific Institute of Public Health unit of Virology.
A comparison of the geographical spread of both net-
works revealed that in 2003 both networks were spread
over 40 municipalities, for Intego all situated in Flanders
and for the EISS about 50% located in Flanders. In nine
of these, both networks were represented.
Methods
The EISS defines ILI as all acute respiratory infections
accompanied by flu-like symptoms, i.e. sudden onset,
fever, myalgias and respiratory symptoms. ARI is defined
as any infection involving the respiratory tract, with or
without fever, which lasts one to two weeks. The Intego
database uses ICPC-2 code R-80 (influenza defined as
myalgia and cough without abnormal respiratory physi-
cal signs other than inflammation of nasal mucous
membrane and throat, plus three or more of the follow-
ing: sudden onset (within 12 hours); rigors/chills/fever;
prostration and weakness; influenza in close contacts;
influenza epidemic; or viral culture/serological evidence
of influenza virus infection) as a measure of ILI, and
H71 (otitis media), R74 (acute upper respiratory infec-
tion including rhinitis, rhinopharyngitis, pharyngitis),
R75 (sinusitis), R76 (acute tonsillitis) R77 (acute laryngi-
tis, tracheitis), R78 (acute bronchitis, bronchiolitis) and
R81 (pneumonia) as measures of ARI (table 1).
Although the Intego registry usually works on the
basis of an estimated practice population, the denomina-
tor populations are based on the number of consulta-
tions for reasons of comparability. Therefore data for
the analyses is percentage of consultations for ILI and
ARI compared to all consultation reasons. Only in the
figures, data on absolute numbers are also shown. We
have split up the data according to the influenza season
(week 40 to week 20 of the following year). Since Intego
only uses ICPC-2 coding from 1999 onward, only data
for the seasons 1999-2000 to 2002-2003 were included
in our study.
Two questions are of interest. First, the overall differ-
ence in frequency between the two networks. This
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focussing on registering specific diagnoses. We will take
the difference in values (Intego minus EISS) for each
influenza season, thereby also reducing the serial depen-
dence[18]. The Student’s t-test on the difference
between the two time series will be used to evaluate
whether they differ overall in the mean, justified partly
because of the central limit theorem. To account for the
possible effect of dependency in the data, we repeat the
analysis after correction for dependent observations by
correcting the degrees of freedom used in the t-test with
the number of lags still exhibiting autocorrelation [19].
Secondly, and maybe more importantly, next to looking
at the overall difference, we want to see whether the ris-
ing and declining trends in both networks are compar-
able. A similar overall trend (as referred to in question
1), but with totally different seasonal curves will not
indicate good validity to detect rapid changes in case of
surveillance objectives. Therefore increasing/decreasing
trends in one network should coincide with increases/
decreases in the other network at the same time. In case
the two trends differ, it will be examined whether there
is a better association between the two time series if
v a r i o u st i m el a g sa r et a k e nb ym e a n so fc r o s sc o r r e l a -
tion coefficients. We use the SAS arima procedure to
calculate the cross correlations between both networks
up to lag 5, each lag representing a difference of one
week [20]. A cross correlation on the original time series
can be interpreted as how many lags the EISS data have
to shift in order to match the Intego data. The Intego
time series is used as the input data set, therefore a cor-
relation at lag minus 1 represents the relation between
the Intego data at weekn and the EISS data at weekn+1.
A cross correlation on the time series which have been
differenced indicates the relation between the changes
in both series. The Intego time series is again used as
the input data set, therefore a correlation at lag minus 1
represents the relation between the changes in the
Intego data at weekn and the changes in the EISS data
at weekn+1. In case there is a positive cross correlation
present at a positive lag, the changes in the EISS data
occur more rapid than for the Intego data. Significant
negative correlations would mean an opposite relation-
ship between both networks.
Results
T h ed a t af o ri n f l u e n z al i k ei l l n e s sf o rt h es e a s o n s1 9 9 9 -
2000, 2000-2001, 2001-2002 and 2002-2003 are pre-
sented in figure 1. The vertical axis plots the percentage
of consultations and absolute numbers for ILI on a
weekly basis (horizontal axis).
Visual inspection shows that the curves for both net-
works are in high agreement. The rise in frequency for
ILI occurs around the same time. In most seasons ILI
starts with a period of only a small number of cases, fol-
lowed by a sharp increase in frequency to reach its peak
after about one month and then goes down again to a
small number of cases. Season 2001-2002 is somewhat
unusual as no typical influenza peak was discovered
compared to the other seasons.
The percentages of consultations and absolute num-
bers for ARI are shown in figure 2.
The curves are visually very similar for both networks.
ARI data have a less smooth profile and do not show a
marked rise, peak and decrease pattern which is typical
for the ILI data. They are higher in frequency compared
to ILI, at all time points.
In general the overall ARI data are not significantly
different for both networks. For the ILI data however
there appears to be a significant difference between both
networks in most seasons. The means of the resulting
distributions for ILI are all positive, indicating an overall
higher rate for the Intego data in comparison to the
EISS data. This could be attributable to the higher fre-
quency in Intego in the period before the real start of
the influenza rise.
When accounting for dependency in the data, the con-
clusions remained the same.
The results regarding the rising/declining trends are
shown in table 2. The highest cross correlations of both
the original and differenced series are shown.
T h eo r i g i n a ld a t af o rI L Ia n dA R Is h o wh i g ht ov e r y
high cross correlations at lag 0, indicating very signifi-
cant linear relationships between both series. This find-
ing is in accordance with the visual inspection of the
figures as stated above. High cross correlations are also
found at lag minus 1 and 1, providing an indication of
significant autocorrelation at lag 1, which is not uncom-
mon in case of infectious diseases. The differenced data
reveal high correlations at lag 0 for the ILI data (except
for season 2000-2001), indicating increases and
Table 1 Measurement of acute respiratory infections and
accompanying ICPC-2 coding in the Intego network
ARI diagnoses ICPC-2 code
rhinitis R74
rhinopharyngitis R74
pharyngitis R74
amygdalitis R76
sinusitis R75
middle ear infection H71
laryngitis R77
tracheitis R77
bronchitis R78
bronchiolitis R78
pneumonia R81
bronchopneumonia R81
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Page 3 of 6Figure 1 ILI data from EISS (black) and Intego data (grey) from influenza season 1999-2000 to 2002-2003. The percentage of ILI
compared to all consultations is presented with a marker and refers to the right axis, which is presented in reverse order. The absolute number
of ILI is presented without marker and refers to the left axis.
Figure 2 ARI data from EISS (black) and Intego data (grey) from influenza season 1999-2000 to 2002-2003. The percentage of ARI
compared to all consultations is presented with a marker and refers to the right axis, which is presented in reverse order. The absolute number
of ARI is presented without marker and refers to the left axis.
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Page 4 of 6decreases in the Intego data coincide respectively with
increases and decreases in the EISS data. For the ARI
data we found high cross correlations mostly at lag 0,
also indicating significant linear relationships between
both series. The cross correlations on the differenced
series were low. Since these ARI data are more variable
than the ILI data (more ups and downs) high correla-
tions are not expected as compared to ILI.
Discussion
Intego can be regarded as a proxy of EISS in examining
relative frequency of ILI and ARI as a function of time.
Visual comparison of data from the Intego and EISS
network revealed almost identical curves for ILI and
very similar ones for ARI. From the statistical analysis it
is clear that the overall frequency data for ARI are the
same for both networks, the overall trends are similar,
but that the increases and decreases in frequency do not
occur in exactly the same weeks. For ILI, the overall
rate was slightly higher for the Intego population, espe-
cially before the increase of ILI, the overall trend was
almost identical and the increases and decreases in fre-
quency occur in the same weeks for both networks. We
expected, however, to find lower rates derived from the
Intego database because of the absence of both a case
definition and an emphasis on ILI and ARI registration
[21]. Therefore the overall higher frequency for ILI in
the Intego database was surprising. There could be sev-
eral reasons for this. Intego registrators have to pass a
number of strict quality assessments before they can
join the group of active registrators. They have to regis-
ter a sufficient number of diagnoses per patient before
they can enter into the registry.
Comparisons of this sort might be one of the possibili-
ties to assess the quality of registration systems as possi-
ble surveillance tools. The presented method can be
seen as a validity measurement predefining a well-estab-
lished network as a gold standard [22]. From classical
test theory it is proven that the reliability of an instru-
ment is at least as high as its validity, in other words
reliability is a necessary prerequisite for validity, both
prerequisites when discussing the quality of instruments.
Routinely collected computerized morbidity data have
several important advantages for surveillance purposes.
Syndromic surveillance allows the earliest possible iden-
tification of increased disease frequency [23]. In case of
the Intego network, syndromic surveillance can be
extended to all diseases which present themselves in pri-
mary care, which might provide an advantage in case of
new biological threats, new pollutants etc. Not only
respiratory illnesses but, also for example neurological,
gastroenterological or dermatological conditions that
might be of interest. An additional advantage of routine
broad-spectrum registries is that relations of an out-
break with specific subgroup of age and sex, but also
with co-morbid diseases, can easily be studied and that
consequences of the disease of interest can be identified
by the use of a (prospective or retrospective) cohort
design.
Conclusion
Data from GP-based broad-spectrum computerized
morbidity systems provide a valid and reliable way to
monitor infectious diseases. The main advantage of case
specific sentinel networks is the extensiveness by which
they can investigate specific topics related to the dis-
eases: identification of strains, monitoring GP’s workload
etc. The main advantage of computerized sentinel net-
works is the ease by which a large quantity of informa-
tion can be processed and analyzed in a short amount
of time. One can easily focus on a different disease or
topic (for example evolution of depression or drug
prescriptions).
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Table 2 Cross correlation coefficients between the Intego
and EISS network at different lags for acute respiratory
infections and influenza like illness
Lag (cross-correlation)*
ILI ARI
Original series
1999-2000 0 (0.96)/1 (0.94) 0 (0.84)/1 (0.86)
2000-2001 0 (0.80)/1 (0.82) 0 (0.65)/-1 (0.63)
2001-2002 0 (0.89)/-1 (0.92) 0 (0.77)/1 (0.77)
2002-2003 0 (0.92/-1 (0.88) 0 (0.82)/-1 (0.79)
Differenced series (lag 1)
1999-2000 0 (0.71)/1 (0.61) 1 (0.41)
2000-2001 3 (0.37) 7 (0.35)
2001-2002 0 (0.71)/-1 (0.81) -7 (0.49)
2002-2003 0 (0.73) 0 (0.44)
*(Cor Intego EISS week week nn s ,
  , for s = -L to L, where L is the number
of lags.).
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